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Summary The certainty of the initial diagnosis of epilepsy was assessed prospec-
tively by one neurologist in outpatients. One hundred and fifty-eight consecutive
referrals with loss of consciousness or possible epilepsy were seen. The relative
contributions to the initial diagnosis from the referral letter, history taking in clinic,
physical examination, and investigation were compared. There was a referring
diagnosis in 28.5%. The neurologist reached a diagnosis in 87% of the 158 cases: in
43% epilepsy, 25% syncope, 12% non-epileptic seizures and in 7% other diagnoses.
There was a low correlation between referral and specialist diagnosis. Physical
examination did not change the diagnosis in any patient. Investigations changed
the diagnosis in one patient. Neuro-imaging revealed a relevant abnormality in 12/43
(27.9%) scanned. The yield from EEG was 7/25 (28%), but the EEG changed the
diagnosis in only one case. Cardiac testing confirmed the type of syncope in 2/47
(4.3%) of patients. Blood tests did not contribute to the diagnosis in any patient.
The neurology consultation significantly increased diagnostic certainty. The diag-
nosis of epilepsy remains largely clinical. It is important that patients are aware of this
prior to investigation.
# 2008 British Epilepsy Association. Published by Elsevier Ltd. All rights reserved.Introduction
Establishing the correct diagnosis in people with
possible epilepsy has major implications for their
health, occupation, driving and social interactions.
Estimates of the rate of misdiagnosis of epilepsy in
adults range from approximately one-quarter to
three-quarters of patients. A retrospective study* Tel.: +44 2082165472; fax: +44 2074726829.
E-mail address: Heather.Angus-Leppan@bcf.nhs.uk.
1059-1311/$ — see front matter # 2008 British Epilepsy Association
doi:10.1016/j.seizure.2007.12.010by Smith et al.1 suggests a misdiagnosis rate of
26.1%. Forsgren2 disagreed with the diagnosis of
epilepsy in 41% of 239 consecutive patients present-
ing to medical services in a Swedish county. Zaidi
et al.3 found patients diagnosed with refractory
epilepsy had alternative diagnoses in 41.9% of those
not on medication and 36.1% of those on medica-
tion. Some studies suggest that less than half of
patients referred to specialist services with possible
epilepsy have epilepsy. Hoefnagels et al.4 found
that 45/119 (38%) patients referred to neurology. Published by Elsevier Ltd. All rights reserved.
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In a study from an emergency department epileptic
seizures were diagnosed in 58 of 198 patients (29%)
referred with transient loss of consciousness.5
There is little information from studies on the
components of the initial diagnosis of epilepsy. This
prospective study examined the relative contribu-
tion of referral diagnosis, clinical assessment, and
investigations in the diagnosis reached in those
referred to a single neurologist over 3 months.
The importance of the components of the diagnosis
in patients with epilepsy is compared.Materials and methods
Consecutive referrals to the adult outpatient clinics
of a consultant neurologist (HAL) seen over a 3-
month period were examined. Patients were seen
at the epilepsy clinic, or one of threeweekly general
neurology clinics. There were 416 new neurology
referrals, referred by doctors in general practice,
Accident and Emergency Department or hospital
inpatients or outpatients. Of these, 158 were for
‘‘blackout’’, loss of consciousness or possible epi-
lepsy.
The consultations and records of the 158 patients
referred with one or more episodes of transient loss
of consciousness, or possible epilepsy, were ana-
lysed. There were 66 men and 92 women. Their
age ranged from 15 to 83 years. The same neurol-
ogist recorded tT
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P
P
N
A
T
n
%he diagnosis of the referring doctor,
 provisional diagnosis after history taking,
 diagnosis after physical examination,
 diagnosis reached after any investigations
initiated at the index consultation.
All patients with loss of consciousness or possible
epilepsy were included; some had previously been
seen or investigated by other specialists in neurol-
ogy and other disciplines.able 1 Referral source, referral diagnosis and final diagn
eferral source Definite diagnosis (%)
rimary Care (n = 108) 9/108 (8%)
hysician (n = 24) 15/24 (63%)
eurologist (n = 18) 18/20 (90%)
&E (n = 13) 3/13 (23%)
otal (n = 158) 45 (28%)
: number of patients.
: percentage of patients.
a Number of patients whose diagnosis changed after the index ne
b Patients without a diagnosis after the index neurology consulta‘‘Blackout’’, ‘‘loss of consciousness’’ and ‘‘col-
lapse’’ were not considered to be definitive diag-
noses. Patients with this description on the referral
letter were included in the group without a specific
diagnosis.
The index consultation history included an eye-
witness account where available. Thirty-seven per-
cent of patients had a single event (59/158) and 63%
multiple events (99/158).
Only those investigations initiated at the index
consultation were included and are referred to as
‘‘first line’’ investigations.
Statistics were carried out using x2 analysis.Results
Referral diagnosis and diagnosis from
history
In 28.5% (45/158) a specific diagnosis was proposed
by the referring doctor. The remainder had no spe-
cific diagnosis and included patients described as
having had a ‘‘collapse’’, ‘‘blackout’’ or ‘‘loss of
consciousness’’.
The referral source is shown in Table 1, with most
referrals coming from Primary Care. Referrals from
Primary Care had a referring diagnosis in only 8% of
cases. Patients were referred from other neurolo-
gists, or seen previously by another neurologist in 20
cases, with a referring diagnosis in 90% of these.
Three of 13 patients referred from Accident and
Emergency Department (A&E) had a referring diag-
nosis and 15/24 from physicians (excluding neurol-
ogists) did.
The index neurology consultation increased the
diagnostic yield from 28% overall to 87%. This
was highly statistically significant (x2 = 109.6,
p < 0.0001). Overall there was low inter-observer
agreement in the diagnosis, apart from between
the sub-group of patients seen by a neurologist
previously, where diagnostic concordance was
90%.osis
Final diagnosis changeda No definite diagnosis b
90 (83%) 11 (10%)
7 (29%) 5 (21%)
1 (10%) 1 (10%)
7 (54%) 4 (31%)
105 (66%) 21 (13%)
urology consultation.
tion.
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made after clinical assessment and investigation. Of
those, 68 (43%) were diagnosed as having epilepsy,
40 (25.3%) as syncope, 19 (12%) non-epileptic sei-
zures (including anxiety/hyperventilation) and in 11
(7%) other diagnoses were made. Other diagnoses
were migraine (n = 5), a dual diagnosis of anxiety
and syncope (n = 5) and of anxiety and epilepsy in
one patient.
A definite diagnosis was more likely when the
patient had more than one event. Patients with a
single event had a definite diagnosis reached in 78%
(46/59), compared with 91% (90/99) of those with
multiple events. This was statistically significant
[x2 = 5.167, p = 0.023].
Where a diagnosis was established by the index
neurologist, it was established from the history
taking in all but one case.
Examination
Physical examination did not change the diagnosis in
any patient, but contributed to the classification of
epilepsy in 13 patients. Examination confirmed cog-
nitive problems in 10 patients with learning difficul-
ties. Five patients had mild degrees of hemi-
smallness. This helped to lateralise focal seizures in
three patients. In two others it was not relevant (one
diagnosed as syncope and one as primary epilepsy).
Wasting of intrinsic hand muscles and cachexia in
one patient with syncope supported an additional
diagnosis of disseminated malignancy.
Investigations
Investigations ordered at the time of the index
consultation were considered: imaging, EEG, car-
diac investigations and blood tests. They changed
the diagnosis in only one patient (from anxiety/
hyperventilation to anxiety and epilepsy).
Imaging
None of the patients had their diagnosis changed
by neuro-imaging results. The overall yield ofTable 2 Findings on MRI bran scan
Finding
Non-specific signal changesa
Unilateral hippocampal sclerosis
Cerebellar ectopia
Normal MRI
MRI not done
Total
a Signal change probably ischaemic.relevant positive findings on imaging was 12/43
(27.9%)
Thirteen of 38 patients having an MRI scan
showed abnormalities, of which 10 were relevant
to their epilepsy (Table 2).
MRI results did not change the diagnosis in any of
the eight patients with unknown diagnoses who
were scanned.
CT brain scans showed ischaemic changes thought
to be the aetiology of seizures in two of five patients
scanned.
EEG
EEG findings resulted in a revision of the diagnosis
from anxiety/hyperventilation to anxiety and pri-
mary epilepsy in one patient.
The yield from EEG in this study was 7/25 (28%) of
those with epilepsy. The finding of generalised dis-
charges (two) and focal changes (one) helped clas-
sification in three patients already diagnosed as
epilepsy. Focal slowing was found in three patients
with epilepsy. Focal slowing was seen in two patients
who remained undiagnosed.
Cardiac investigations
Cardiac investigations did not change the diagnosis
in any patient. Overall, 47 investigations in 41
patients yielded two relevant abnormalities
(4.9%). Twelve of 41 electrocardiographs (ECGs)
showed ischaemic changes or left ventricular hyper-
trophy. None showed significant arrhythmias. Three
patients had 24-h ECG monitoring, and all were
normal.
Three patients had tilt table testing with carotid
stimulation. In one, this confirmed clinically sus-
pected carotid hypersensitivity, and this patient
proceeded to a permanent pacemaker. In one
patient vaso-vagal syncope was confirmed and one
study was normal.
Laboratory
Blood tests in 78 patients did not impact on diag-
nosis. Three patients had mild hypocalcaemia, nor-
mal on repeat testing. Two patients had borderlineNumber Significance
6 Aetiology of seizures
4 Aetiology of seizures
3 Incidental finding
25 No diagnostic change
118 Uncertain
158
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unsuspected renal failure that was unrelated to his
neurological problem.Discussion
This study compared the relative contributions to
the initial diagnosis of the referral letter, history
taking in clinic, physical examination, and investi-
gation. There was little correlation between the
referring diagnosis in 28.5%, and the neurologist’s
diagnosis in 87.3% of the 158 cases: in 43% epilepsy,
25% syncope, 12% non-epileptic seizures and in 7%
other diagnoses. Physical examination did not
change the diagnosis in any patient. Investigation
(EEG) changed the diagnosis in only one case. Neuro-
imaging revealed a relevant lesion in 12/43 (27.9%)
scanned. The yield from EEG was 7/25 (28%), with
EEG changing the diagnosis in one case. Cardiac
testing confirmed the diagnosis in 2/47 (4.3%) inves-
tigations. Blood tests did not contribute to the
diagnosis in any patient.
Methodological issues
This study was carried out by one clinician and there
is no confounding inter-observer variability.
Trying to separate the clinical history and exam-
ination is difficult, and artificial, as some of themost
important clinical signs, such as mental state, gait
and general appearance, will be observed during the
history taking process, before the formal examina-
tion. This may have an effect on the relative value of
these two parameters.
This study addressed diagnostic certainty, but not
diagnostic accuracy. There is no ‘‘gold standard’’ for
the diagnosis of epilepsy. As there is no definitive
diagnostic methodology to prove a diagnosis in the
patients studied, one way of establishing the overall
accuracy of the diagnostic process is longitudinal
follow-up of such a cohort. There are few long-
itudinal studies attempting to follow up patients
to see how diagnoses change over time. The study
of Hoefnagels et al.4 had a mean follow up of 14.7
months (range 8—21 months). It does not specify the
degree of change of diagnosis in the epilepsy group,
but mentions that follow-up of the non-epilepsy
group had no fatalities to suggest cardiac deaths.
Cockerell et al.6 provides follow-up data on a large
cohort. Because of the number of patients involved,
they were not seen by the researchers, but rather
their records were studied. With regard to the false
positive rate, Goodin and Aminoff7 found ‘‘epilepti-
form’’ changes on EEG in 4% of patients without
epilepsy.Investigations were performed as clinically indi-
cated rather than in a standardised fashion. This
point is controversial–—it could be argued that a
standard battery of tests would provide more uni-
form and comparable data. Against this, false posi-
tive results may harm the patient. Further, the study
reflects real-life practice.
This study concords with previous reports sug-
gesting that specialist consultations change the
diagnosis given to patients.2,4,5 Leach et al.8
recorded diagnostic doubt in 5.6% of patients diag-
nosed by a neurologist comparedwith 18.9% of those
diagnosed by a non-specialist. In the National Gen-
eral Practice Study of Epilepsy, a review panel
examined the records of 1091 patients with newly
diagnosed epilepsy. They found changes in the diag-
nosis in almost half the patients. The review diag-
noses were definite epilepsy in 564 patients, 228 had
possible epilepsy, 220 febrile seizures, and 79 did
not have epilepsy.9 Scheepers et al.10 found in a
population study that 49/214 people diagnosed with
epilepsy do not have it (this included 20 with car-
diovascular or other cerebrovascular pathology, and
10 with psychopathology).
Forsgren2 found a false negative rate of 5% in
patients whose diagnosis of epilepsy was delayed for
more than a year. This study did not examine the
rate of false positives, or the accuracy of other
diagnoses, such as syncope. Hoefnagels et al.4
attempted to quantify the accuracy of clinical fea-
tures differentiating epilepsy from syncope and
suggested a seizure was five times more likely than
syncope if the patient was disorientated after the
event. However, seizures were defined partly on the
basis of features which were subsequently analysed
as discriminators, making the analysis problematic.
These factors, and others such as aura, duration and
phenotype are used as part of the definition of
seizures. It would not be valid to separate defining
features that are dependent variables and analyse
them as independent predictors.
Cockerell et al.6 found the prognosis for remission
of ‘‘possible and probable epilepsy’’ slightly better
than for ‘‘definite’’ epilepsy. Some of this group may
have alternate diagnoses such as vaso-vagal syn-
cope. Alternatively, these patients may have fewer
and milder seizures, making them more difficult to
diagnose.
Further studies looking at all the categories of
diagnosis and particularly examining the outcome of
uncertain diagnoses are needed.
The role of investigations
The present study showed change in diagnosis fol-
lowing investigation in only 1 of 158 patients (<1%).
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contact with the neurologist and did not include
those usually reserved for refractory patients, in
particular, video-telemetry and implantable loop
recorders.
Neuro-imaging
The diagnosis did not change in any of the 43 patients
scanned. There are no comparable studies looking at
whether diagnosis changes with imaging. The yield of
thecurrent study (27.9%)washigher than ina studyof
300 consecutive patients with first seizures in which
MRI scan revealed causative lesions in 38 (12.7%).11 In
the latter study, MRI was carried out in all patients,
including those with primary epilepsy, none of whom
had relevant lesions on scanning.
EEG
The overall yield of relevant EEG abnormalities in
this study (28%) was comparable to other studies.
Cull12 estimated the overall diagnostic yield for
standard EEG as 24%, with higher yields when there
was more than one event weekly. Goodin and Amin-
off found the initial EEG abnormal in 45—50% of
patients thought to have epilepsy.7 Marsan and
Zivin13 estimated an overall 50% rate of epileptiform
activity in those shown on other grounds to have
epilepsy, rising to 80% for sleep deprived EEG. The
current study, in which EEGs were standard, not
sleep activated, changed the diagnosis in only 1
of the 158 patients seen.
Cardiac investigations
There were relevant abnormalities in cardiac inves-
tigations in 4% tested. None resulted in a change in
diagnosis. Cardiac syncope is recognised as an
important differential for epilepsy.14—16 Kapoor
et al.17 suggest that investigations of patients with
syncope are often inconclusive. In the current study
there was a low yield from ECG. It may be that some
patients with arrhythmias and cardiac disease were
referred directly to cardiologists. Most patients
have an ECG performed in Accident and Emergency
Department on presentation with collapse and sig-
nificant abnormalities may prompt referral to car-
diology. More extensive cardiac investigation may
also have increased the yield of cardiac causes of
collapse. Cull12 found that 20% of patients with
possible epilepsy studied with simultaneous 24-h
EEG/ECG have sufficient ECG changes to cause
‘‘attacks’’. Patients ranged from 13 to 70 years,
and the average age of those who had cardiac
arrhythmias was 32.9 years. Both ECG and 24 hECG can miss life-threatening arrhythmias, and
recent research suggests that some patients with
long standing diagnoses of epilepsy have significant
arrhythmias found on implantable ECG monitors.16
Diagnostic certainty in different referral
groups
There was marked inter-observer variability. Only
the group seen by another Neurologist previously
showed a high concordance with the index neurol-
ogy diagnosis. This supports the contention of Leach
et al.8 and others that referrals to a specialist
neurology clinic increases diagnostic yield. As
already highlighted, this study does not address
the question of diagnostic accuracy.Conclusion
Patients and health professionals often expect that
investigations will give a definitive answer about the
diagnosis, related issues, such as treatment, and the
ability to drive. A discussion of the role of investiga-
tions before they are performed can avoid misap-
prehensions. It is important to warn people that the
diagnosis of epilepsy is clinical, and investigations
may all be normal. Conversely if no clinical diagnosis
is possible, that is likely to remain the case after the
investigations. Information about the probable diag-
nosis given to the patient after clinical assessment
may be as accurate as information deferred until
after results of investigations are available.
This study quantifies the change in the diagnosis of
epilepsy from referral, neurology consultation and
investigation. It highlights the traditional importance
of the history in establishing a diagnosis of epilepsy or
other causes of loss of consciousness. The neurology
consultation substantially increased the number of
patients in whom a definite diagnosis was reached.
Investigations rarely changed the diagnosis.
Better understanding of diagnostic certainty and
accuracy may improve patient care, guide resource
allocation and improve education of general practi-
tioners, specialists and their patients.Conflict of interest
None declared.References
1. Smith D, Defalla BA, Chadwick DW. The misdiagnosis of
epilepsy and the management of refractory epilepsy in a
specialist clinic. Quart J Med 1999;92:15—23.
436 H. Angus-Leppan2. Forsgren L. Prospective incidence study and clinical charac-
terization of seizures in newly referred adults. Epilepsia
1990;31:292—301.
3. Zaidi A, Clough P, Cooper P, Scheepers B, Fitzpatrick AP.
Misdiagnosis of epilepsy: many seizure-like attacks have a
cardiac cause. J Am Coll Cardiol 2000;36(1):181—4.
4. Hoefnagels WAJ, Padberg GW, Overweg J, van der Velde EA,
Roos RAC. Transient loss of consciousness: the value of the
history for distinguishing seizures from syncope. J Neurol
1991;238:39—43.
5. Day SC, Cook EF, Funkenstein H, Goldmann L. Evaluation and
outcome of emergency room patients with transient loss of
consciousness. Am J Med 1982;73:15—23.
6. Cockerell OC, Johnson AL, Sander JWAS, Shorvon SD. Prog-
nosis of epilepsy: a review and further analysis of the British
National General Practice Study of Epilepsy, a prospective
population based study. Epilepsia 1997;38:31—46.
7. Goodin DS, Aminoff MJ. Does the interictal EEG have a role in
the diagnosis of epilepsy? Lancet 1984;1:837—9.
8. Leach JP, Lauder R, Nicholson A, Smith DF. Epilepsy in the UK:
misdiagnosis, mistreatment and undertreatment? The Wrex-
ham area epilepsy project. Seizure 2005;14:514—20.
9. Sander JWAS, Hart YM, Johnson AL, Shorvon SD. National
General Practice Study of Epilepsy: newly diagnosed epileptic
seizures in a general population. Lancet 1990;336:1267—71.10. Scheepers B, Clough P, Pickles C. The misdiagnosis of epi-
lepsy: findings of a population study. Seizure 1998;7:403—6.
11. King MA, Newton MR, Jackson GD, Fitt GJ, Mitchell LA,
Silvapulle MJ, et al. Epileptology of the first-seizure presen-
tation: a clinical, electroencephalographic, and magnetic
resonance imaging study of 300 consecutive patients. Lancet
1998;352:1007—111.
12. Cull RE. An assessment of 24-hour ambulatory EEG/ECG
monitoring in a neurology clinic. J Neurol Neurosurg Psy-
chiatry 1985;48:107—10.
13. Marsan CA, Zivin LS. Factors related to the occurrence of
typical paroxysmal abnormalities in the EEG records of epi-
leptic patients. Epilepsia 1970;11:361—81.
14. Schott GD, McLeod AA, Jewitt DE. Cardiac arrhythmias that
masquerade as epilepsy. Br Med J 1977;1:1454—7.
15. Pacia SV, Devinsky O, Luciano DJ, Vazquez B. The prolonged
QTsyndrome presenting as epilepsy: a report of two cases and
literature review. Neurology 1994;44:1408—10.
16. Rugg-Gunn FJ, Simister RJ, Squirrell M, Holdright DR, Duncan
JS. Cardiac arrhythmias in focal epilepsy: a prospective long-
term study. Lancet 2004;364:2212—9.
17. KapoorWN, Karpf M, Maher Y, Miller RA, Levey GS. Syncope of
unknown origin. The need for a more cost effective approach
to its diagnostic evaluation. J Am Med Assoc 1982;247:
2687—91.
